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(54) Lithographic system 

(57) The exposure apparatus (1 0) and the substrate 
processing unit (50) are connected via an in-line l/F por- 
tion (110). In addition, information on the substrate car- 
riage is communicated in between the control unit of the 
exposure apparatus side and the control unit of the sub- 
strate processing unit, and both units decide their next 
operation that contribute to improving the processing 
capacity related to the wafer carriage, before actually 



starting the operation. Therefore, the throughput of the 
series of wafer processing performed by the substrate 
processing unit and the exposure apparatus can be im- 
proved, and as a consequence, becomes posslbleto Im- 
prove the productivity of the device. In this case, for ex- 
ample, information on the predicted time orthe expected 
time when the substrate can be received or sent out is 
reciprocally communicated between both units. 




Printed by Jouve, 75001 PARIS (FR) 



1 EP 1 164 437 A2 2 



Description 

[00011 The present Invention relates to an exposure 
apparatus, a substrate processing unit and a lithograph- 
ic system, and a device manufacturing method. More 
particularly, the present invention relates to an exposure 
apparatus used in a lithographic process when produc- 
ing a semiconductor element, a liquid crystal display, a 
plasma display, a thin film magnetic head, an Image 
pick-up device (CCD), a microdevice such as a mi- 
cromachine, and furthermore, a photomask (reticle) and 
the like, a substrate processing unit which Is In-line con- 
nected to the exposure apparatus, and a lithographic 
system which arrangement includes the exposure ap- 
paratus and the substrate processing unit, and a device 
manufacturing method employing the exposure appara- 
tus and the lithographic system. 
[0002] In the lithographic process to produce a micro- 
device such as a semiconductor element and the like 
referred to above, various exposure apparatus were 
used in general, in recent years, the exposure appara- 
tus that transfers a pattern formed on a mask or a reticle 
(hereinafter generally referred to as a "reticle") onto a 
substrate such as a wafer or a glass plate (hereinafter 
generally referred to as a "wafer") coated with a pho- 
toresist (photosensitive agent) via a projection optical 
system Is mainly used. Of the exposure apparatus, the 
reduction projection exposure apparatus (the so-called 
stepper) based on the step-and-repeat method was the 
mainstream. However, the usage of the scanning type 
exposure apparatus (the so-called scanning stepper) 
based on the step-and-scan method, which performs 
exposure by synchronously scanning the reticle and the 
wafer in respect to the projection optical system, has 
lately increased. 

[0003] The lithographic process includes a resist 
coating process to coat the resist onto the surface of the 
wafer and a development process to develop the wafer 
after completing the reticle pattern transfer, performed 
before and after the exposure process that uses the ex- 
posure apparatus. And In the resist coating process and 
the development process, a coating/development unit 
called a coater developer (hereinafter abbreviated as 
"C/D") is used. This coater developer has the function 
of both a resist coating unit (a coater) such as a spin 
coater which, for example, spins the wafer at a high 
speed and utilizes the rotation of the waferto evenly coat 
drops of resist dripped onto the surface of the wafer, or 
a scan coater which relatively moves the nozzle and the 
wafer, and a development unit (a developer). 
[00041 In the lithographic process, a system arrange- 
ment, which is widely called as an in-line connection, is 
frequently employed. With the in-line connection, the C/ 
D is arranged, for example, on the left, right, or the front 
(or the back) of the exposure apparatus and is connect- 
ed directly or via a connecting portion to the exposure 
apparatus, and the body subject to processing (wafer 
subject to processing) Is carried automatically in be- 



tween the C/D and the exposure apparatus. The pur- 
pose tor employing this system arrangement Is to avoid 
complication when delivering the processing lot (the wa- 
fer lot subject to processing) to each of the resist coating 

5 process, the exposure process, and the development 
process, and to also improve the throughput while main- 
taining the chemical properties in the chemically ampli- 
fied resist, which Is a type of resist with high sensitivity 
frequently used nowadays. 

10 [0005] In the lithographic system employing such an 
in-line connection between the exposure apparatus and 
the C/D, In most cases, a delivery portion is arranged in 
between the exposure apparatus and the C/D to perform 
delivery of the wafer between these units. In addition, 

15 the C/D has a carriage system within the unit that circu- 
lates the wafer subject to processing under a fixed proc- 
ess between the coating portion where the coating proc- 
ess Is performed and the development portion where the 
development process is performed. The exposure ap- 

20 paratus also has a carriage system within the unit, and 
circulates the wafer subject to processing between the 
wafer stage where the exposure Is performed and the 
delivery portion. 

[0006] Moreover, with the lithographic process de- 

25 scribed above, in many cases, a cooling portion and a 
bake portion are arranged when necessary. Further- 
more, a buffer portion to temporarily house the wafer 
subject to processing is also arranged when necessary. 
[0007] In the lithographic system employing the In-line 

30 connection of the exposure apparatus and the C/D, 
when delivery of the wafer is performed at the delivery 
portion, the exposure apparatus and the C/D communi- 
cate with each other so that the delivery of the wafer is 
performed without fail. Therefore, the exposure appara- 

35 tus and the C/D respectively have a control portion that 
performs communication and carriage control. 
[0008] In the conventional lithographic system, how- 
ever, the exposure apparatus and the C/D communicat- 
ed on Issues related to the delivery of the wafer at the 

40 delivery portion such as the delivery request, the possi- 
blllty/forblddance of delivery, and the completion of de- 
livery and the like only real time, step by step. 
[0003] This caused circumstances such as the expo- 
sure apparatus not being able to receive the wafer, when 

43 the C/D circulates the wafer under the fixed procedure 
so as to perform optimal carriage within the unit and tries 
to deliver the waferthat has notyet been exposed during 
the carriage to the exposure apparatus through the de- 
livery portion. Or, the C/D could not receive the wafer 

so that has completed exposure at the exposure apparatus 
side through the delivery portion, because the wafer had 
not yet arrived at the delivery portion. This situation led 
to a longer waiting time, and in some cases, the delivery 
ended In failure since no wafers were ready for delivery 

55 due to the difference in timing of the circulation carriage 
within the respective units, and the wafer carriage was 
suspended until the next circulation timing. 
[001 0] Whereas, with the exposure apparatus, the op- 
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eration is efficient when the wafer is processed contin- 
uously on the wafer stage. Therefore, In order to avoid 
the situation where there are no wafers to process on 
the wafer stage as much as possible, the loading of the 
wafer onto the wafer stage and the unloading of the wa- 
fer from the wafer stage need to be performed alternate- 
ly or simultaneously. With the wafers that have been ex- 
posed, the wafers need to be unloaded without the time 
spent on each wafer differing and sent to the next proc- 
ess of bake/development performed by the C/D as 
quickly as possible, since the chemical change of the 
wafer is continuous. 

[00111 Considering such circumstances, the expo- 
sure apparatus side performs wafer carriage In the order 
of loading the wafer into the apparatus and then unload- 
ing the water outside the apparatus. There were times, 
however, when the exposure apparatus tried to receive 
the waferthat has not yet been exposed from the deliv- 
ery portion but could not since the C/D side had not yet 
delivered the wafer, or, when the exposure apparatus 
tried to deliver the wafer that has completed exposure 
to the C/D through the delivery portion but could not 
since the C/D side was not In a state to receive the wafer. 
In these cases, the exposure apparatus waits for a cer- 
tain period and monitors the situation to see if the wafer 
that has not yet gone through the exposure process Is 
delivered. And if the wafer is not delivered and exposure 
process Is completed at that stage, the exposure appa- 
ratus suspends the wafer loading, and switches the cir- 
culation operation to the unloading operation of the wa- 
ferthat has completed the exposure process. Therefore, 
the situation occurred at times where the delivery ended 
In failure or where the exposure apparatus had to wait 
for delivery at the delivery portion. 
[0012] The description above describes the case 
when the carriage system of the exposure apparatus 
performs the loading and unloading of the wafer alter- 
nately, however, even if the carriage system performs 
the loading simultaneously, the restrictions at the deliv- 
ery portion inevitably cause the exposure apparatus to 
wait for the delivery of the wafer. 
[0013] That is, the C/D unit and the exposure appara- 
tus were capable of respectively completing their pre- 
determined procedures and operating in optimal on their 
own. However, when the C/D unit and the exposure ap- 
paratus were linked to each other with the delivery por- 
tion as the center, the circulation operation of the wafer 
carriage on the C/D side did not correspond with the cir- 
culation operation of the wafer carriage on the exposure 
apparatus side. This situation often caused a waste of 
time In waiting for the wafer and also caused the delivery 
to end in failure, which led to a decrease in throughput. 
[0014] Nevertheless, the decrease In throughput due 
to the waiting time and the failure In delivery was not a 
serious problem, since conventionally, the size of the 
waferused was mainly 8 inches (approximately 200mm) 
and under in diameter and the wafer control was per- 
formed per lot. 



[0015] The wafer, however, is becoming larger in size 
with higher Integration of the semiconductor element, 
and In future, it is said that the wafer having the diameter 
of 12 Inches (approximately 300mm) will become maln- 

5 stream and the wafer control per wafer will become 
mandatory. With the practice performing such wafer 
control, it is certain that the decrease in throughput due 
to the wafting time and the failure In delivery referred to 
above will be a more serious problem, compared with 

10 the conventional practice. 

[0016] The present invention seeks to provide for an 
apparatus, unit, system and method having advantages 
over known such apparatus units systems and methods. 
[0017] In particular, the present Invention has an ob- 

15 ject to provide an exposure apparatus that is in-line con- 
nected with a substrate processing unit and is capable 
of Improving the throughput In a series of substrate 
processing. 

[0018] Also, the present invention seeks to provide a 
so substrate processing unit that Is In-line connected with 
an exposure apparatus and is capable of improving the 
throughput in a series of substrate processing. 
[001 9] Further, the present Invention seeks to provide 
a lithographic system and a device manufacturing metri- 
cs od that can improve the productivity of a device by im- 
proving the throughput In a series of substrate process- 
ing. 

[0020] According to one aspect of this invention, there 
Is provided an exposure apparatus which Is In-line con - 

30 nected with a substrate processing unit, the exposure 
apparatus comprising: a substrate carriage system 
which carries a substrate and delivers a substrate be- 
tween the substrate processing unit via a delivery por- 
tion; and a control unit which structures a control system 

ss to control the substrate carriage system, the control unit 
performing at least one of transmitting and receiving 
specific Information between the substrate processing 
unit In advance to decide an operation that contributes 
to improvement In processing capacity related to sub- 

40 strata carriage. 

[0021 ] In this description , the term "informatlo" is used 
In a broad sense, and includes the concept of signals 
other than data or a group of data. 
[0022] According to the exposure apparatus, the con- 

45 trol unit at least transmits or receives In advance specific 
information between the substrate processing unit, to 
decide its operation that contributes to Improvement In 
processing capacity related to substrate carriage. For 
example, in the case the control unit transmits the spe- 

50 cific information to the substrate processing unit in ad- 
vance, It can make the substrate processing unit decide 
Its operation that contributes to Improvement In process- 
ing capacity related to substrate carriage before the op- 
eration actually begins. On the other hand, when the 

55 control unit receives the specific information from the 
substrate processing unit in advance, it can decide its 
operation that contributes to Improvement In processing 
capacity related to substrate carriage before the opera- 
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tton actually begins. 

[0023] Accordingly, In either case, the processing ca- 
pacity in the series of substrate processing performed 
by the substrate processing unit and the exposure ap- 
paratus, in other words, the throughput can be Im- 5 
proved. Especially, when the control unit receives the 
specific information from the substrate processing unit 
In advance, as well as transmits the specific Information 
to the substrate processing unit in advance, it can de- 
cide Its own operation that contributes to Improvement 
in processing capacity related to substrate carriage be- 
fore the operation actually begins, In addition to making 
the substrate processing unit decide its operation that 
contributes to Improvement in processing capacity re- 
lated to substrate carriage before the operation actually 
begins. Therefore, It becomes possible to Improve the 
throughput In the series of substrate processing per- 
formed by the substrate processing unit and the expo- 
sure apparatus to the utmost. 

[0024] In this case, the control unit can transmit Infor- 
mation to the substrate processing unit so that the sub- 
strate processing unit can decide its following operation 
that contributes to Improvement In processing capacity 
related to substrate carriage, the Information transmit- 
ted prior to starting the following operation as the spe- 
cific Information. In such a case, the control unit trans- 
mits information to make the substrate processing unit 
decide Its following operation that contributes to im- 
provement in processing capacity related to substrate 
carriage to the In-line connected substrate processing 
unit, prior to the start of the following operation. So, 
when the substrate processing unit receives the infor- 
mation, it can decide to perform the specific operation 
that contributes to improvement in processing capacity 
related to substrate carriage as its following operation 
beforehand, that is, decide to perform the specific oper- 
ation before actually starting the specific operation. Ac- 
cordingly, it becomes possible to Improve the through- 
put in the series of substrate processing performed by 
the substrate processing unit and the exposure appara- 
tus. 

[0025] In this case, the Information can Include one of 
a predicted time and an expected time until the substrate 
carriage system is capable of receiving a substrate. In 
such a case, since the substrate processing unit side 
can acknowledge the timing when the substrate car- 
riage system of the exposure apparatus side can re- 
ceive the substrate, It can decide its next operation re- 
lated to substrate carriage so that the substrate can be 
delivered with the least time wasted. For example, when 
the time until the substrate carriage system of the expo- 
sure apparatus side can receive the substrate is short, 
such as one or two seconds, then, the substrate 
processing system can wait to deliver the substrate, 
whereas, if the waiting time is long, then it can suspend 
delivering the substrate and just receive the substrate 
from the delivery portion. Then, the loss of time can be 
reduced. 



6 

[0026] Or, the Information can include information so 
as to make the substrate processing unit side withhold 
carriage of a substrate to the delivery portion. In such a 
case, for example, the control unit sends Information to 
the substrate processing unit such as to wait for a pre- 
determined seconds to carry the substrate to the deliv- 
ery portion until the substrate can be received. In this 
case, also, the substrate processing unit can decide Its 
operation related to efficient carriage of the substrate so 
as to reduce the loss of time as much as possible, de- 
pending on the waiting time. 

[0027] Or, the Information can include one of a pre- 
dicted time and an expected time until the substrate car- 
riage system Is capable of sending out a substrate. In 
such a case, for example, if the substrate that has been 
exposed is to be delivered from the exposure apparatus 
side within a few seconds, the substrate processing unit 
which receives the information can wait for a few sec- 
onds upon receiving the substrate. Thus, the delivery 
does not have to end In failure, and can be efficiently 
performed. 

[0028] Or, the Information can include Information so 
as to make the substrate processing unit side withhold 
operations to receive a substrate at the delivery portion. 
In such a case, for example, the control unit sends in- 
formation to the substrate processing unit such as to 
wait for a predetermined seconds so that the substrate 
can be delivered, in this case, as well, the substrate 
processing unit can decide its operation related to effi- 
cient carriage of the substrate so as to reduce the loss 
of time as much as possible, depending on the waiting 
time. 

[0029] With the exposure apparatus according to the 
present invention, in the case the control unit transmits 
information to the substrate processing unit so that the 
substrate processing unit can decide its following oper- 
ation that contributes to improvement in processing ca- 
pacity related to substrate carriage, prior to starting the 
following operation as the specific information, the con- 
trol unit can further receive information related to sub- 
strate carriage from the substrate processing unit as the 
specific information, and based on the information, can 
determine in advance its following operation that con- 
tributes to improvement in processing capacity related 
to substrate carriage. In such a case, the control unit 
receives Information related to substrate carriage from 
the substrate processing unit, and based on the infor- 
mation, decides in advance Its following operation that 
contributes to improvement in processing capacity re- 
lated to wafer carriage. Therefore, in addition to the ef- 
ficiency related to the substrate carriage on the sub- 
strate processing unit side, the efficiency related to the 
substrate carriage on the exposure unit side is also Im- 
proved. Accordingly, ft becomes possible to further Im- 
prove the throughput in the series of substrate process- 
ing performed by the substrate processing unit and the 
exposure apparatus. 

[0030] With the exposure apparatus according to the 
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present invention, the control unit can receive Informa- 
tion related to substrate carriage from the substrate 
processing unit as the specific information, and based 
on the Information, can determine in advance its follow- 
ing operation that contributes to Improvement in 
processing capacity related to substrate carriage, in 
such a case, the control unit receives information related 
to substrate carriage from the substrate processing unit, 
and based on the information, determines In advance 
its following operation that contributes to Improvement 
in processing capacity related to substrate carriage. 
Therefore, the processing capacity in the series of sub- 
strate processing operation performed by the substrate 
processing unit and the exposure apparatus, that Is, the 
throughput, can be improved. 

[0031] In this case, the Information can include one of 
a predicted time and an expected time until the substrate 
processing unit side is capable of sending out a sub- 
strate. In such a case, the control unit can acknowledge 
the timing when the substrate processing unit side can 
deiiverthe substrate; therefore, it can decide its next op- 
eration related to substrate carriage so that the sub- 
strate can be received with the least time wasted. For 
example, when the time until the substrate processing 
unit side can deiiverthe substrate is short, such as one 
or two seconds, then, the control unit can wait to receive 
the substrate, whereas, if the waiting time is long, then 
it can suspend receiving the substrate and just deliver 
the substrate. Then, the loss of time can be reduced. 
That Is, fruitless operation such as waiting for a certain 
period of time to receive the substrate can be avoided. 
[0032] Or, the information can Include information so 
as to make the substrate carriage system withhold op- 
erations to receive a substrate at the delivery portion. In 
such a case, for example, the substrate processing unit 
sends information to the control unit such as to wait for 
a predetermined seconds until the substrate can be de- 
livered. In this case, as well, the control unit can decide 
Its operation related to the most efficient carriage of the 
substrate possible, according to the waiting time. 
[0033] Or, the information can include one of a pre- 
dicted time and an expected time until the substrate 
processing unit side is capable of receiving a substrate. 
In such a case, for example, if the substrate that has 
been exposed can be received by the substrate 
processing unit side within a few seconds, the control 
unit, which receives the information, can wait for a few 
seconds to deliver the substrate. And If a long wait is 
required until the substrate can be received, then it be- 
comes possible to perform other operations first, such 
as receiving operations, and then deiiverthe substrate 
to the substrate processing unit. Thus, the delivery does 
not have to end in failure, and the efficiency is improved. 
[0034] Or, the information can Include Information so 
as to make the substrate carriage system withhold op- 
erations to send out a substrate to the delivery portion. 
In such a case, for example, the substrate processing 
unit sends information to the control unit such as to wait 



for a predetermined seconds until the substrate can be 
received. I n this case , as well, the control u nit can decide 
Its operation related to the most efficient carnage of the 
substrate possible, In accordance with the waiting time. 

5 [0035] According to a second aspect of this invention, 
there is provided a substrate processing unit which is 
in-line connected with an exposure apparatus, the sub- 
strate processing unit comprising: a substrate carriage 
system which carries a substrate and delivers a sub- 

10 strata between the exposure apparatus unit via a deliv- 
ery portion; and a control unit which structures a control 
system to control the substrate carriage system, the 
control unit performing at least one of transmitting and 
receiving specific Information between the exposure ap- 

*5 paratus in advance to decide an operation that contrib- 
utes to improvement in processing capacity related to 
substrate carriage. 

[0036] With the substrate processing unit, the control 
unit at least transmits or receives in advance specific 

20 information between the exposure apparatus, to decide 
Its operation that contributes to improvement in process- 
ing capacity related to substrate carriage. For example, 
In the case the control unit transmits the specific infor- 
mation to the exposure apparatus in advance, it can 

25 make the exposure apparatus decide its operation that 
contributes to Improvement in processing capacity re- 
lated to substrate carriage before the operation actually 
begins. On the other hand, when the control unit re- 
ceives the specific information from the exposure appa- 

30 ratus in advance, it can decide its operation that contrib- 
utes to improvement in processing capacity related to 
substrate carriage before the operation actually begins. 
[0037] Accordingly, in either case, the processing ca- 
pacity in the series of substrate processing performed 

35 by the substrate processing unit and the exposure ap- 
paratus, in other words, the throughput can be im- 
proved. Especially, when the control unit receives the 
specific information from the exposure apparatus in ad- 
vance, as well as transmits the specific information to 

*o the exposure apparatus in advance, it can decide its 
own operation that contributes to Improvement In 
processing capacity related to substrate carriage before 
the operation actually begins, in addition to making the 
exposure apparatus decide its operation that contrib- 

45 utes to Improvement In processing capacity related to 
substrate carriage before the operation actually begins. 
Therefore, it becomes possible to Improve the through- 
put In the series of substrate processing performed by 
the substrate processing unit and the exposure appara- 

50 tus to the utmost. 

[0038] In this case, the control unit can transmit Infor- 
mation to the exposure apparatus so that the exposure 
apparatus can decide its following operation that con- 
tributes to improvement In processing capacity related 

55 to substrate carriage, the information transmitted prior 
to starting the following operation as the specific infor- 
mation. In such a case, the control unit transmits Infor- 
mation to make the exposure apparatus decide its foi- 
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lowing operation that contributes to improvement in 
processing capacity related to substrate carriage to the 
in-fine connected exposure apparatus, prior to the start 
of the following operation. So, when the exposure ap- 
paratus receives the information, it can decide to per- 
form the specific operation that contributes to Improve- 
ment in processing capacity related to substrate car- 
riage as its following operation beforehand, that Is, de- 
cide to perform the specific operation before actually 
starting the specific operation. Accordingly, it becomes 
possible to improve the processing capacity in the series 
of substrate processing performed by the exposure ap- 
paratus and the substrate processing unit, that is, to im- 
prove the throughput. 

[0039] In this case, the information may include one 
of a predicted time and an expected time until the sub- 
strate carriage system is capable of receiving a sub- 
strate, or the Information may include information so as 
to make the exposure apparatus side withhold carriage 
of a substrate to the delivery portion, or the information 
may include one of a predicted time and an expected 
time until the substrate carriage system is capable of 
sending out a substrate, or the Information may Include 
Information so as to make the exposure apparatus side 
withhold operations to receive a substrate at the delivery 
portion. 

[0040] With the substrate processing unit according 
to the present invention, when the control unit transmits 
Information to the exposure apparatus so that the expo- 
sure apparatus can decide its following operation that 
contributes to improvement in processing capacity re- 
lated to substrate carriage, and the Information is trans- 
mitted prior to starting the following operation as the 
specific information, the control unit can further receive 
information related to substrate carriage from the expo- 
sure apparatus as the specific information, and based 
on the information, can determine in advance its follow- 
ing operation that contributes to improvement in 
processing capacity related to substrate carriage. In 
such a case, the control unit receives information related 
to substrate carriage from the exposure apparatus, and 
based on the information, decides in advance its follow- 
ing operation that contributes to improvement in 
processing capacity related to wafer carriage. There- 
fore, In addition to the efficiency related to the substrate 
carriage on the exposure apparatus side, the efficiency 
related to the substrate carriage on the substrate 
processing unit side is also improved. Accordingly, it be- 
comes possible to further improve the throughput in the 
series of substrate processing performed by the sub- 
strate processing unit and the exposure apparatus. 
[0041] With the substrate processing unit according 
to the present invention, the control unit can receive in- 
formation related to substrate carriage from the expo- 
sure apparatus as the specific information, and based 
on the information, can determine in advance its follow- 
ing operation that contributes to Improvement In 
processing capacity related to substrate carriage. In 



such a case, the control unit receives Information related 
to substrate carriage from the exposure apparatus, and 
based on the Information, determines in advance its fol- 
lowing operation that contributes to Improvement In 
5 processing capacity related to substrate carriage. 
Therefore, the processing capacity In the series of sub- 
strate processing operation performed by the substrate 
processing unit and the exposure apparatus, that Is, the 
throughput, can be improved. 
10 [0042] In this case, the information may include one 
of a predicted time and an expected time until the expo- 
sure apparatus side Is capable of sending out a sub- 
strate, or the information may include information so as 
to make the substrate carriage system withhold opera- 
is tionsto receive a substrate at the delivery portion, or the 
information may include one of a predicted time and an 
expected time until the exposure apparatus side is ca- 
pable of receiving a substrate, or the information may 
include information so as to make the substrate carriage 
20 system withhold operations to send out a substrate to 
the delivery portion. 

[0043] According to a third aspect of this invention, 
there is provided a lithographic system, the system com- 
prising: an exposure apparatus; and a substrate 

25 processing unit which is in-line connected to the expo- 
sure apparatus, the processing unit transmitting and re- 
ceiving information related to carriage of a substrate be- 
tween the exposure apparatus, wherein at least one of 
the exposure apparatus and the substrate processing 

30 unit decides its following operation that contributes to 
improvement in processing capacity related to substrate 
carriage based on the Information, prior to starting the 
following operation. 

[0044] With the lithographic system, information relat- 
35 ed to substrate carriage is transmitted and received be- 
tween the exposure apparatus and the substrate 
processing unit, and by at least either of the unit, its fol- 
lowing operation that contributes to improvement in 
processing capacity related to substrate carriage Is de- 
40 cided prior to starting the operation based on the infor- 
mation. This allows the processing capacity In the series 
of substrate processing performed by the substrate 
processing unit and the exposure apparatus, in other 
words, the throughput to be improved, and as a conso- 
ls quence, becomes possible to Improve the productivity 
of the device. Especially in the case when both units de- 
cide their following operation that contributes to im- 
provement in processing capacity related to substrate 
carriage prior to starting the operation based on the in- 
50 formation, the throughput can be improved to the ut- 
most. 

[0045] In this case, for example, Information on the 
predicted time or the expected time until the substrate 
can be received or sent out can be reciprocally notified 
55 between both units. 

[0046] With the lithographic system in the present in- 
vention, in the case the Information transmitted and re- 
ceived between the exposure apparatus and the sub- 
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strate processing unit includes withholding information 
to make a unit other than Itself withhold carriage opera- 
tions of a substrate, and the withholding information is 
concurrently sent by both the exposure apparatus and 
the substrate processing unit, a unit to which preference 5 
is given in advance can send information to the unit oth- 
er than itself to dismiss its withholding request, and the 
unit other than Itself can withdraw the withholding re- 
quest in accordance with the dismissal request informa- 
tion. In such a case, likewise as above, the processing 10 
capacity in the series of substrate processing performed 
by the substrate processing unit and the exposure ap- 
paratus, in other words, the throughput can be im- 
proved. 

[0047] With the lithographic system according to the 
present invention, the information may be communicat- 
ed directly between the exposure apparatus and the 
substrate processing unit, or the lithographic system 
may further comprise a separate unit which acts as an 
Intermediary when the Information Is transmitted and re- 20 
ceived between the exposure apparatus and the sub- 
strate processing unit. 

[0048] With the lithographic system according to the 
present invention, in the case the lithographic system 
further comprises: a superior unit which has total control 25 
over the exposure apparatus and the substrate process- 
ing unit, the information transmitted and received be- 
tween the exposure apparatus and the substrate 
processing unit can Include withholding information to 
make a unit other than itself withhold carriage opera- so 
tions of a substrate, and when the withholding informa- 
tion is concurrently sent by both the exposure apparatus 
and the substrate processing unit, the superior unit may 
totally judge from the viewpoint of improving the 
processing capacity to send Information to one of a pre- 35 
determined unit to dismiss its withholding request to 
make the predetermined unit withdraw the withholding 
request. 

[0049] According to a fourth aspect of this Invention, 
there is provided a first device manufacturing method to *o 
manufacture a device using a lithographic system which 
comprises an exposure apparatus and a substrate 
processing unit in-line connected to the exposure appa- 
ratus, the device manufacturing method comprising: 
transmitting and receiving Information related to car- *s 
riage of a substrate between the exposure apparatus 
and the substrate processing unit; and at least one of 
the exposure apparatus and the substrate processing 
unit decides its following operation that contributes to 
improvement in processing capacity related to substrate 50 
carriage based on the information, prior to starting the 
following operation. 

[0050] With this method, the processing capacity in 
the series of substrate processing performed by the sub- 
strate processing unit and the exposure apparatus, in 55 
other words, the throughput, can be improved, and as 
a consequence, It becomes possible to improve the pro- 
ductivity of the device. Especially, in the case when both 



units decide their following operation that contributes to 
Improvement In processing capacity related to substrate 
carriage prior to starting the operation based on the In- 
formation, the throughput can be improved to the ut- 
most. 

[0051] In addition, in the case the exposure apparatus 
according to the present invention is used in the litho- 
graphic process, since the exposure apparatus Is used 
having in-line connection with the substrate processing 
unit, the throughput In the series of substrate processing 
performed by these units can be improved, and this con- 
sequently allows the productivity of the device manufac- 
tured to be improved. Accordingly, from another aspect 
of the present Invention, there is provided a second de- 
vice manufacturing method that uses the exposure ap- 
paratus of the present invention. 
[0052] The Invention is described further hereinafter, 
by way of example only, with reference to the accompa- 
nying drawings in which: 

Fig. 1 is a schematic view showing the arrangement 
of the lithographic system of an embodiment related 
to the present Invention; 

Fig. 2 is an enlarged diagonal view showing the in- 
line delivery portion In Fig. 1 ; 

Fig. 3 is a diagonal view showing another arrange- 
ment example of the In-line delivery portion; 

Fig. 4 is a block diagram schematically showing an 
arrangement of the control system related to wafer 
carriage in the lithographic system in Fig. 1 ; 

Fig. 5 is a block diagram showing an arrangement 
of a control system related to wafer carriage In the 
lithographic system in a modified example; 

Fig. 6 Is a flow chart for explaining an embodiment 
of a device manufacturing method according to the 
present invention; and 

Fig. 7 is a flow chart showing the processing in step 
304 in Fig. 6. 

[0053] An embodiment of the present invention will be 
described below with reference to Figs. 1 to 4. 
[0054] Fig. 1 shows an arrangement of a lithographic 
system related to the embodiment, which includes the 
exposure apparatus and the substrate processing unit 
related to the present invention. 
The lithographic system 1 00, shown In Fig. 1 , comprises 
an exposure apparatus 10, a C/D 50 serving as a sub- 
strate processing unit, and an In-line Interface portion 
(hereinafter referred to as the "in-line l/F portion") 110 
which in-line connects the exposure apparatus 10 and 
the C/D 50. This lithographic system 1 00 is arranged In 
a clean room. 
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[0055] Hereinafter, for the sake of convenience, the 
landscape direction In Fig. 1 Is described as the X-axis 
direction, the direction perpendicular to the X-axis direc- 
tion (the portrait direction) In Fig. 1 Is described as the 
Y-axis direction, and the direction perpendicular to the 
X-axis and Y-axis, in other words, perpendicular to the 
surface of the page, is described as the Z-axis direction. 
[0056] As ls shown In Fig. 1 , the exposure apparatus 
1 0 comprises a chamber 1 6 which interior is divided into 
an exposure chamber 12A and a loader chamber 12B 
by a partition wail 14. The partition wall 14 is arranged 
slightiy below the center in the Y-axis direction, on the 
-Y side. Of these chambers, a large portion of the wafer 
loader system 40 serving as the substrate carriage sys- 
tem on the exposure apparatus side is housed within 
the loader chamber 12B, and the main body of the ex- 
posure apparatus (not shown In Figs., the parts other 
than the wafer stage WST and the projection optical sys- 
tem PL are omitted) which transfers the reticle pattern 
onto a wafer W serving as a substrate on the wafer stage 
WST is housed in the exposure chamber 12A. 
[0057] The wafer loader system 40 comprises: an X 
guide 1 8 which extends in the X-axis direction; and a Y 
guide 20 which is located above the X guide 1 8 and ex- 
tends in the Y-axis direction, serving as a carriage guide. 
The Y guide 20 Is arranged so that It penetrates through 
the partition wall 14. In addition, on the -Y side of the X 
guide 1 8 In the loader chamber 1 2B, carrier mounts 22A 
and 22B are arranged at a predetermined Interval along 
the X-axis direction, and open carriers (hereinafter ab- 
breviated as "OC n as appropriate) 24A and 24B capable 
of housing a plurality of wafers are mounted on these 
carrier mounts 22A and 22B. The OCs 24A and 24B are 
delivered to/from the chamber 1 6 through an entrance 
(not shown In Figs) arranged on the side wall in the -Y 
side of the chamber 1 6 which has a door (also not shown 
in Figs) that can be opened/closed. The OCs 24A and 
24B may be carried by a PGV (Personnel Guided Vehi- 
cle) and delivered manually by an operator, or may be 
carried by an AGV (Automated Guided Vehicle) and au- 
tomatically delivered. The OHT (Over Head Transfer) 
may of course, be employed to respectively place the 
OCs 24A and 24B onto the carrier mounts 22A and 22B 
from above. In addition, the OCs 24A and 24B are used 
to deliver the wafer directly to the exposure apparatus 
1 0, without the usage of the in-line operation with the C/ 
D50. 

[0058] On the X guide 18, a horizontal jointed arm ro- 
bot (a scalar robot) 26 that moves along the X guide 1 8 
and is driven by a driving unit (not shown in Figs.) is 
arranged. Also, the Y guide 20 Is provided with a wafer 
load arm 28 and a wafer unload arm 30 that move along 
the Y guide 20 and are driven by a driving unit (also not 
shown in Figs.). 

[0059] Furthermore, on the -X side of the Y guide 20 
in the -Y end, in between the carrier mounts 22A and 
22B, a turntable (rotation table) 32 Is arranged, and a 
wafer edge sensor (not shown in Figs.) is arranged at a 



predetermined interval in the Y direction apart from the 
turntable 32. 

[0060] Although it is omitted in the drawings, the wafer 
stage WST moves two dlmensionaily in the XY direction 
5 on a supporting bed held by vibration isolation pads. And 
the wafer stage WST holds the wafer W onto which the 
reticle pattern is transferred. 

[0061] Moreover, within the loader chamber 12B, a 
loader controller 34 is arranged. The loader controller 
10 34 controls each portion of the wafer loader system as 
well as communicates information, in other words, com- 
municates with the with the controller on the C/D side 
via a communication channel. 

[0062] The in-line l/F portion 1 1 0 comprises: a cham- 
15 ber 112 arranged in the -X direction of the chamber 1 6 
structuring the exposure apparatus 10; an in-line deliv- 
ery portion 114 arranged on the +X side within the cham- 
ber 112; and a horizontal jointed arm robot 116 arranged 
on the -X side of the in-line delivery portion 1 1 4, and the 
20 like. 

[0063] As is shown in Fig. 2, the in-line delivery por- 
tion 1 14 comprises: a base mount 122; and wafer deliv- 
ery portions 124A and 124B arranged on the base 
mount 122 in the Y direction at a predetermined Interval, 
25 which are each made up of a set of three supporting 
pins. 

[0064] The in-line delivery portion Is not limited to the 
one shown in Fig. 2, and for example may have the 
structure shown In Fig. 3. With this arrangement, the 

30 load side of the in-line delivery portion may have a wafer 
delivery portion 126A and the unload side may have a 
wafer delivery portion 126B that are vertically arranged 
at a predetermined interval, and are driven Interlocked 
in the vertical direction. The wafer delivery portions 

35 126A and 126B each have a plate shaped member, and 
a set of three supporting pins fixed on the upper surface 
of the plate shaped member. 

[0065] Referring back to Fig. 1, within the chamber 
112, a carrier mount 118 on which a buffer carrier 120 

<to is placed can be arranged when necessary. The buffer 
carrier 120 Is a temporary housing for the wafer W. 
[0066] As is shown In Fig. 1 , the C/D 50 comprises 
two chambers, a chamber 52 and a chamber 54 ar- 
ranged adjacently along the X-axis direction. A Y guide 

45 56, which extends In the Y-axis direction, Is arranged 
within the chamber 52. On the Y guide 56, a horizontal 
jointed arm robot (a scalar robot) 58 that moves along 
the Y guide 56 driven by a driving unit (not shown in 
Figs.) is arranged. 

so [0067] In addition, within the chamber 52 on the -X 
side of the Y guide, carrier mounts 60A, 60B, and 60C 
are arranged along the Y-axis direction. On these carrier 
mounts 60A, 60B, and 60C, OCs 24C, 24D, and 24E 
are respectively arranged. 

55 [0068] The OCs 24C, 24D, and 24E are delivered to/ 
from the chamber 52 through an entrance (not shown in 
Figs) arranged on the side wall In the -X side of the 
chamber 52 which has a door (also not shown In Figs) 
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that can be opened/closed. The OCs 24C, 24D, and 24E 
may be carried by a PGV (Personnel Guided Vehicle) 
and delivered manually by an operator, or may be car- 
ried by an AGV (Automated Guided Vehicle) and auto- 
matically delivered. The OHT (Over Head Transfer) may 
naturally be employed to respectively place the OCs 
24C, 24D, and 24E onto the carrier mounts 60A, 60B, 
and 60C from above. 

[0069] Besides the arrangement above, within the 
chamber 52, a coating/development controller 62 Is ar- 
ranged which performs overall control of each portion 
structuring the C/D 50. Other than controlling the car- 
riage system of the wafer within the C/D 50 and the like, 
the coating/development controller 62 also controls the 
scalar robot 116 and the like of in the in-line l/F portion 
110. The coating/development controller 62 also com- 
municates (other than the realtime Information on the 
delivery of the wafer, information to decide the next op- 
eration that contributes to improving the processing ca- 
pacity (throughput) related to the wafer carriage is com- 
municated (details will be described later), that Is, trans- 
mits and receives information) with the loader controller 
34 of the exposure apparatus 10. 
[0070] On the interface of the chamber 52 and the 
chamber 54, a substrate delivery portion 64 is arranged 
slightly on the -Y side of the center In the Y-axis direc- 
tion. The substrate delivery portion 64 is made up of a 
base mount, and a set of three supporting pins fixed on 
the base mount. 

[0071 ] Within the chamber 54, an X guide 66 extend- 
ing in the X-axis direction, is arranged on the +X side of 
the substrate delivery portion 64. On the X guide 66, a 
horizontal Jointed arm robot (a scalar robot) 68 that 
moves along the X guide 66 driven by a driving unit (not 
shown In Figs.) Is arranged. 

[0072] In addition, within the chamber 54, a first de- 
velopment portion 70, a second development portion 
72, and a bake portion 74 are arranged sequentially 
from the left as Is shown in Fig. 1 on the +Y side of the 
X guide 66. Also, on the -Y side of the X guide 66, a first 
coating portion 76, a second coating portion 78, and a 
cooling portion 80 are arranged, respectively facing the 
first development portion 70, the second development 
portion 72, and the bake portion 74. 
[0073] The first coating portion 76 and the second 
coating portion 78 each have a spin coater. The spin 
coater forms a resist film with uniform thickness on the 
wafer by dripping a drop of the resist on the wafer, which 
is arranged horizontally, and making it rotate. The spin 
coater is structured of a combination of a resist supply 
system, a spin motor, and a cup, and Is capable of ro- 
tating up to several thousand times per minute. 
[0074] The bake portion 74 comprises a baking unit. 
The baking unit can employ methods such as the resist- 
ance heating method or the infrared heating method, in 
this case, the baking unit performs pre-bake (PB) and 
pre-development bake (post-exposure bake: PEB). Pre- 
bake is a heat treatment conducted after the resist is 



coated onto the wafer to vaporize the residual solvent 
In the coated film and to strengthen the contact between 
the coated film and the wafer. Since the treatment is per- 
formed before exposure, it Is to be performed at the tem- 

5 perature where the polymer does not polymerize or ad- 
ditives do not pyrolyze. In addition, the pre-development 
bake is a heat treatment that is conducted after expo- 
sure before the development process Is performed. This 
treatment is performed in order to reduce deformation 

10 in the resist pattern (resist side wall shape) due to the 
standing wave effect caused in the case of exposure 
with light having a single wavelength, and also for the 
purpose of driving catalytic reactions in a chemically am- 
plified resist after exposure. 

is [0075] The cooling portion 80 comprises, for example, 
a cooled flat plate, which is called a cooling plate. This 
plate Is cooled, for example, with the circulation of cool- 
ing water. Or, the plate can be electronically cooled due 
to the Peltier effect. With the embodiment, the wafer, 

20 which is heated upon PB, Is cooled until it does not have 
any serious effect to the operation of the exposure ap- 
paratus 10. 

[0076] The first development portion 70 and the sec- 
ond development portion 72 comprise development 

25 units to develop the wafer on which the pattern image 
Is formed on the resist on exposure by the exposure ap- 
paratus 10. The development unit used can be any of 
the spin type, the dip type, or the spray type, 
[0077] Furthermore, on the Interface of the chamber 

30 54 and the chamber 112, located on the +X side of the 
X-guide 66, a substrate delivery portion 82 is arranged. 
The substrate delivery portion 82 is made up of a base 
mount, and a set of three supporting pins fixed on the 
base mount. 

35 [0078] Fig. 4 shows the arrangement of the control 
system of the lithographic system 100 in a block dia- 
gram. As is shown in Fig. 4, other than the loader con- 
troller 34, the control system of the exposure apparatus 
1 0 comprises a stage controller 36 to control the wafer 
40 stage WST, the reticle stage (not shown in Figs.), and 
the like. The control system also comprises a main con- 
troller 38 that performs overall control over the whole 
apparatus via the loader controller 34, the stage control- 
ler 36, and the like. 
43 [0079] On the other hand, the control system of the 
C/D 50 is structured with the coating/development con- 
troller 62 playing the main role. The coating/develop- 
ment controller 62 controls the scalar robots 58, 66, 1 1 6, 
and the like. In addition, in the embodiment, the sub- 
so strate carriage system of the C/D side is structured with 
the scalar robots 58, 68, and 116, the X guide 66, and 
the Y guide 56, and the like. 

[0080] The wafer processing operation by the litho- 
graphic system 100 will be described next. 
55 [0081] As a premise, the wafer W serving as a sub- 
strate is in a unit (for example, 25 slices) per lot, and the 
lots are respectively housed In the OCs 24A to 24E. 
These OC 24A, 24B, 24C, 24D, and 24E are respective- 
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ly placed on the carrier mounts 22A, 22B, 60A, 60B, and 
60C. The OCs 24A and 24B may be used as a buffer 
within the exposure apparatus, likewise with the buffer 
carrier 120. 

[0082] As an example, the case of processing the wa- 
fers) W housed in the OC 24D will be described. The 
following operation of each portion will be performed by 
the coating/development controller 62, the loader con- 
troller 34 underthe control of the main controller 38, and 
the stage controller 36, which are shown In Fig. 4. How- 
ever, for the sake of simplicity in the following descrip- 
tion, unless It Is required, accounts on these controllers 
are omitted. 

[0083] First, the scalar robot 58 takes out the first wa- 
fer (referred to as from the OC 24D, and mounts It 
on the substrate delivery portion 64. During this opera- 
tion, the scalar robot 68 is to be on the left edge position 
in Fig. 1 . Then, the scalar robot 68 takes the wafer W 1 
from the substrate delivery portion 64, and loads it, for 
example, into first coating portion 76. Upon loading, the 
spin coater within the first coating portion starts the re- 
sist coating, which was referred to earlier in the descrip- 
tion. 

[0084] In parallel with the operation of the scalar robot 
68, the scalar robot 58 takes out the second wafer (re- 
ferred to as W 2 ) from the OC 24D, and mounts It on the 
substrate delivery portion 64. The scalar robot 68 then 
takes the wafer W 2 from the substrate delivery portion 
64 and loads it Into the second coating portion 78. And 
when the resist coating of the wafer W 1 is completed, 
the scalar robot 68 takes the wafer W 1 out from the first 
coating portion 76 and loads it into he bake portion 74. 
With this operation, the baking unit in the bake portion 
74 starts the heat treatment (PB) of the wafer W t . 
[0085] While the wafer W 1 Is being loaded Into the 
bake portion, the scalar robot 58 takes out the third wa- 
fer (referred to as W 3 ) from the OC 24D, and mounts it 
on the substrate delivery portion 64. Then, the scalar 
robot 68 takes the wafer W 3 from the substrate delivery 
portion 64, and loads ft into the first coating portion 76. 
[0086] And when the PB of the wafer W 1 is completed, 
the scalar robot 68 takes out the wafer W 1 from the bake 
portion 74 and loads it into the cooling portion 80. With 
this operation, the cooling operation of the wafer W 1 be- 
gins In the cooling portion 80. The target temperature of 
this cooling operation is set at a temperature that does 
not seriously effect the operation of the exposure appa- 
ratus 1 0. It Is usually the same asthe target temperature 
of the air conditioning system in the exposure chamber 
12A of the exposure apparatus 10, which is set, for ex- 
ample, within the range of 20 to 25°C. With the recent 
exposure apparatus, since a pattern having a fine line 
width is formed and transferred onto a wafer, tempera- 
ture control has become an important item. This Is be- 
cause even a subtle change in temperature causes ex- 
pansion/contraction of the wafer and results in various 
adverse effects such as abnormal line width and overlay 
defects. The target temperature upon cooling operation 



may be determined, however, in consideration of tem- 
perature change In the wafer when It is carried to the 
wafer stage WST of the exposure apparatus, after the 
cooling Is completed. 

5 [0087] Next, the scalar robot 68 takes out the wafer 
W 2 from the second coating portion 78, on which the 
resist has been coated. The scalar robot then loads the 
wafer W 2 into the bake portion 80, and then takes the 
fourth wafer (referred to as W 4 ) that has already been 

10 placed on the substrate delivery portion 64 by the scalar 
robot 58 and loads it into the second coating portion 78. 
[0088} When the cooling of the wafer W 1 Is completed 
in the cooling portion 80, the scalar robot 68 places the 
wafer W 1 onto the substrate delivery portion 82. Next, 

is the scalar robot 68 takes the wafer W 2 out of the bake 
portion 74 after the PB of the wafer W 2 is completed, 
and loads it into the cooling portion 80. The scalar robot 
68 then takes out the wafer W 3 , on which the resist has 
been coated, from the first coating portion 76, and loads 

20 ft Into the bake portion 74. After completing this loading, 
the scalar robot 68 takes the fifth wafer (referred to as 
W 5 ) that has already been placed on the substrate de- 
livery portion 64 by the scalar robot 58, and loads ft Into 
the first coating portion 76. Hereinafter, within the C/D 

25 50, the series of operations to the wafers such as the 
resist coating, the PB, and the cooling likewise as 
above, are sequentially repeated with the wafer carriage 
operation, and the wafer(s) W are sequentially mounted 
on the substrate delivery portion 82. 

30 [0089] In the In-line l/F portion 110, the scalar robot 
116 sequentially takes the wafers) W, which are se- 
quentially mounted on the substrate delivery portion 82 
and have not yet been exposed from the substrate de- 
livery portion 82, and passes the wafer(s) onto the load 

35 side wafer delivery portion of the In-line delivery portion 
114. For example, the wafers) W are sequentially 
placed on the wafer delivery portion 124A. 
[0090] After a predetermined period of time has 
elapsed, when the exposure on the first wafer W 1 has 

40 been completed by the exposure apparatus 1 0 and the 
wafer has been carried to the wafer delivery portion 
1 24B by the scalar robot 26, the scalar robot 1 1 6 repeat- 
edly performs the operation under a predetermined pro- 
cedure of taking the wafer(s) W that have not yet been 

43 exposed from the substrate delivery portion 82, and car- 
rying and mounting the waf er(s) W onto the wafer deliv- 
ery portion 124A, as well as the operation of taking the 
wafers) W that have been exposed from the wafer de- 
livery portion 124B, and carrying and mounting the wa- 

50 fer(s) W onto the substrate delivery portion 82. 

[0091] As Is described previously, the wafer W n that 
has been exposed and taken from the wafer delivery 
portion 1248 by the scalar robot 116 of the in-line l/F 
portion 1 1 0 and carried and mounted onto the substrate 

55 delivery portion 82, is loaded into the bake portion 74 by 
the scalar robot 68, and the baking unit in the bake por- 
tion 74 performs the PEB. The bake portion 74 can 
house a plurality of wafers at the same time. 
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[0092] And when the PEB on the wafer W-j is complet- 
ed, the scalar robot 68 takes It out of the bake portion 
74, and loads the wafer W 1( for example, Into the first 
development portion 70, and the development unit with- 
in the first development portion 70 begins the develop- 
ment operation. 

[00931 While the development is being performed, in 
the case the wafer W 2 has been exposed and is mount- 
ed on the substrate delivery portion 82, the scalar robot 
takes the wafer W 2 from the substrate delivery portion 
82 and loads it into the bake portion 74. With this oper- 
ation, the baking unit in the bake portion 74 starts the 
PEB on the wafer W 2 . Then, the scalar robot 68 per- 
forms operations such as mounting the next wafer W 
onto the substrate delivery portion 82 or loading the wa- 
fer W 2 that has completed the PEB into the second de- 
velopment portion 72, under a predetermined proce- 
dure. 

[0094] And when the development of the wafer 
has been completed, the scalar robot 68 takes the wafer 
\Ni out of the first development portion 70, and mounts 
it on the substrate delivery portion 64. And finally, the 
scalar robot 58 takes the wafer and loads it into the 
predetermined housing shelf within the OC 24D. After 
this operation, the PEB process, the development proc- 
ess, and the carriage of the wafer are repeatedly per- 
formed on the second wafer and onward within the C/D 
50, likewise with the procedure of the wafer W 1 . 
[0095] To summarize the description so far, until the 
exposure on the first wafer has been completed, the op- 
eration of taking out the wafer from the OC 24D, resist 
coating, PB, cooling, and carriage of the wafer with 
these operations are repeatedly performed in a prede- 
termined procedure and sequence by each portion 
structuring the C/D 50 under the control of the coating/ 
development controller 62 and by the scalar robot 116 
of the in-line l/F portion 1 1 0 and the like. Thus, the wafer 
(s) that has not yet been exposed are sequentially 
mounted on the wafer delivery portion 1 24A. In addition, 
immediately after the exposure on the first wafer is com- 
pleted, the operation of PEB on the wafer, wafer devel- 
opment, loading of the wafer Into the OC 24D, and the 
carriage of the wafer with these operations are repeat- 
edly performed in a predetermined procedure and se- 
quence, along with the operation of taking out the wafer 
from the OC 24D, resist coating, PB, cooling, and car- 
riage of the wafer with these operations. 
[0096] Meanwhile, with the exposure apparatus 10, 
first of all, the scalar robot 26 moves along the X guide 
18 to the left end position, and receives the wafer Wi 
from the In-line delivery portion 114 via the opening of 
the chamber 1 6. The scalar robot 26 then moves right, 
along the X guide 18, until It is positioned in front of the 
turntable 32 and mounts the wafer on the turntable 
32. Immediately after mounting the wafer, the scalar ro- 
bot 26 moves along the X guide 1 8 to the left end posi- 
tion to receive the next wafer W 2 
[0097] The turntable 32 is then rotated by a driving 



system (not shown In Figs.), and the wafer W 1 held on 
the turntable 32 Is also rotated. While the wafer W 1 Is 
rotated, the wafer edge sensor detects the wafer edge, 
and based on the detection signals the loader controller 

5 34 obtains information on the direction of the notch on 
the wafer W 1 and the deviation amount (direction and 
amount) between the center of the wafer and the center 
of the turntable 32. And the loader controller 34 rotates 
the turntable 32 so that the notch portion of the wafer W 

10 is set at a predetermined direction. 

[0098] At this stage, the load ami 28 is set at a pre- 
determined wafer delivery position, and receives the 
wafer W-j held on the turntable 32. Before the load arm 
28 receives the wafer, It moves to a position where It can 

15 correct the Y direction component of the deviation 
amount between the center of the wafer and the center 
of the turntable 32, which was obtained earlier. Then, 
the load arm 28 receives the wafer and starts to move 
along the Y guide 20 towards the position above the wa- 

20 fer stage WST, which waits at a predetermined loading 
position. 

[0099] At this point, the scalar robot 26 has already 
received the wafer W 2 , which has been mounted on the 
wafer delivery portion 1 24 A of the in-line delivery portion 

25 114 by the scalar robot 116. Therefore, when the load 
arm 28 has moved away from the X guide 1 8 for more 
than a fixed distance, the scalar robot 26 moves right, 
along the X guide 1 8, until It comes in front of the turn- 
table 32, and mounts the wafer W 2 onto the turntable 

30 32 . After mount! ng the wafer, the scalar robot 26 moves 
to a predetermined waiting position, while the turntable 
begins rotation and the wafer edge sensor starts detec- 
tion of the wafer edge. Then, the loader controller 34 
obtains information on the direction of the notch on the 

35 wafer W 2 and the deviation amount (direction and 
amount) between the center of the wafer and the center 
of the turntable 32. 

[01 00] When the load arm 28 finishes carrying the wa- 
fer W 1 to the position above the wafer stage WST, It de- 

^0 livers the wafer to the wafer stage WST In this case, 
Immediately before the wafer W 1 Is delivered to the wa- 
fer stage WST, the wafer stage WST is finely driven In 
the X-axis direction so as to correct the X component of 
the deviation amount described above. 

<5 [0101] Then, exposure operation on the wafer W 1 de- 
livered to the wafer stage WST is performed. This ex- 
posure is performed, for example, by repeating the op- 
eration of setting the position of each shot area of the 
wafer W i on the wafer stage WST to the projection po- 

50 sition of the reticle pattern held on the reticle stage (not 
shown In Figs.) by the projection optical system PL (refer 
to Fig. 1) and the operation of transferring the reticle pat- 
tern onto each shot area via the projection optical sys- 
tem PL by Illuminating the reticle with the Illumination 

55 light for exposure. 

[0102] Naturally, in the case of performing exposure 
based on the scanning exposure method, exposure is 
performed by repeating the operation of respectively po- 
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sitloning the rettcle (reticle stage) and the waf er W 1 (wa- 
fer stage WST) at the scanning starting position to ex- 
pose each shot area and the operation of scanning ex- 
posure to sequentially transfer the reticle pattern on to 
the water W 1 via the projection optical system PL by II- s 
lumlnatlng the silt-shaped Illumination area on the reticle 
with the illumination light for exposure, while synchro- 
nously moving the reticle and the wafer W v 
[0103J When the exposure above te completed, the 
wafer stage WST moves to the unloading position, that *o 
is, to the loading position referred to earlier, and the un- 
load arm 30 receives the water W! that has already been 
exposed. The unload arm 30 then carries the wafer 
until It is positioned above the X guide 1 8, and delivers 
the wafer to the scalar robot 26, which is waiting to re- « 
celve the wafer. The scalar robot 26 then carries the wa- 
fer Wy, and finally delivers It to the unload side wafer 
delivery portion 1 24B of the in-line delivery portion 1 1 4. 
[01041 In this case, when the scalar robot 26 moves 
to a position on the side of the in-line delivery portion 20 
1 14 where It does not interfere, the load arm 28 receives 
the wafer W 2 that has completed the rotational adjust- 
ment from the turntable 32, carries the wafer to the po- 
sition above the wafer stage WST, which is waiting at 
the loading position, and delivers the wafer onto the wa- 25 
fer stage WST. 

[0105] Then, exposure Is performed on the wafer W 2 
delivered onto the wafer stage WST. And after this op- 
eration, within the exposure apparatus 1 0, the operation 
of sequentially taking the wafer mounted on the wafer so 
delivery portion 124A from the third wafer (referred to 
as W 3 ) onward, carrying the wafers) so as to position 
the wafer(s) above the wafer stage WST, and after the 
exposure Is completed, delivering the exposed wafer(s) 
to the unload side wafer delivery portion 1 24B of the in- 35 
line delivery portion 114, are repeatedly performed. 
[0106] As is described above, with the lithographic 
system In the embodiment, circulation operation of the 
wafer(s) W is performed respectively within the C/D 50 
and the in-line l/F portion 110 side, and the exposure *o 
apparatus 1 0. And in order to prevent unnecessary waft- 
ing time (loss of time) or delivery failure from occurring 
upon delivering the wafer W between both parties, the 
coating/development controller 62 of the C/D 50 side 
communicates as follows with the loader controller 34 45 
of the exposure apparatus 10, via the communication 
channel (refer to Fig. 4). 

[0107] That Is, the loader controller 34 sends Informa- 
tion to the coating/development controller 62, such as 
items a. to d. referred to below, so thatthe next operation so 
that contributes to Improving the processing capacity 
(throughput) can be decided In relation to the wafer car- 
riage, before the C/D 50 and the In-line l/F portion 110 
side (hereinafter referred to as the "C/D side" for the 
sake of convenience) goes onto the next operation. 55 

a. Information on the predicted time (or the expect- 
ed time) until the wafer loader system of the expo- 



sure apparatus 1 0 can receive the wafer W. 

b. Information for the C/D side to withhold the wafer 
carriage to the in-line delivery portion 1 1 4, such as, 
"Walt for xx seconds until the wafer loader system 
of the exposure apparatus 10 can receive the wa- 
fer". 

c. Information on the predicted time (or the expect- 
ed time) until the water loader system of the expo- 
sure apparatus 1 0 can send out the wafer W. 

d. Information for the C/D side to withhold the wafer 
receipt at the in-line delivery portion 114, such as, 
"Wait for xx seconds so that the wafer can be deliv- 
ered". 

The "expected time" referred to in items a. and 
c. above, here, theoretically means time obtained 
(by calculation), meaning the time that can be ob- 
tained by calculation based on, for example, the an- 
gle of view, the exposure amount (with the scanning 
type exposure apparatus, the angle of view corre- 
sponds to the scan length and the exposure amount 
includes the scan velocity and the like as factors), 
the alignment period, and the like. In addition, the 
"predicted time" means time that takes into account 
the result of the performance or the state of the per- 
formance in process, for example, time that has tak- 
en Into account the information such as "this lot re- 
quires a long re-try time upon carriage". More par- 
ticularly, the predicted time differs from the expect- 
ed time that can be obtained by calculation, and in- 
cludes uncertainty factors. For example, in the case 
the alignment marks are difficult to find during align- 
ment, the actual alignment time may take more than 
the calculated time. Therefore, it is necessary to ob- 
tain the re- try time based on the actual results from 
wafer circulation carriage actually performed. Fac- 
tors that may affect the re-try time are, for example, 
in the case of the carriage system, the time required 
for vacuum chucking in each carnage arm. 

In addition, phenomena such as the alignment 
time taking more than calculated or the re-try fre- 
quently occurring in alignment tend to occur in a 
specific lot, that Is, concentrate on wafers under a 
specific process. Accordingly, for example, If the ac- 
tual processing time takes longer than the calculat- 
ed time with the first few slices of wafers In the lot, 
the predicted time is re-set longer in correspond- 
ence with the results, and is communicated to the 
other unit (in this embodiment, the C/D or the expo- 
sure apparatus). The predicted time, however, may 
be set, not only by the first few slices of wafers in 
the lot, but may be set by the average processing 
time of the wafers processed in one day, or by the 
average of the processing time of a plurality of lots. 

On the other hand, the coating/development 
controller 62 sends information to the loader con- 
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trailer 34, such as Items e. to h. referred to below, 
so that the next operation that contributes to Improv- 
ing the processing capacity (throughput) can be de- 
cided In relation to the wafer carriage, before the 
exposure apparatus 10 goes onto its next opera- 
tion. 

e. Information on the predicted time (or the expect- 
ed time) until the C/D side can receive the wafer W. 

f . information for the C/D side to withhold the wafer 
carriage to the in-line delivery portion 114, such as, 
"Wait for xx seconds until the C/D side can receive 
the wafer. 

g. Information on the predicted time (or the expect- 
ed time) until the C/D side can send out the wafer W. 

h. Information for the C/D side to withhold the wafer 
receipt at the In-line delivery portion 114, such as, 
"Walt for xx seconds so that the wafer can be deliv- 
ered". 

[0108] Accordingly, with the lithographic system 100 
of the embodiment, the loader controller 34 sends out 
Informationtothecoatlng/development controller 62 pri- 
or to Its next operation for the coating/development con- 
troller 62 to decide the next operation that contributes 
to Improving the processing capacity (throughput) In re- 
lation to the wafer carriage. And the coating/develop- 
ment controller 62, which receives the information, can 
decide to perform a specific operation that contributes 
to the Improvement in processing capacity related to the 
carriage of the wafer W as the next operation, and then 
actually start the specific operation. 
[01091 More particularly, the coating/development 
controller 62 can learn of the timing when the exposure 
apparatus 1 0 can receive the wafer W based on the in- 
formation referred to In item a. referred to above. There- 
fore, the coating/development controller 62 can decide 
Its next operation related to wafer carriage so that the 
wafer W can be delivered without any waste of time. To 
be more concrete, for example, when the coating/devel- 
opment controller 62 delivers the wafer W to the expo- 
sure apparatus 1 0, In the case when the waiting time Is 
short, like one or two seconds, until the exposure appa- 
ratus 1 0 can receive the wafer 1 0, then the coating/de- 
velopment controller 62 waits and delivers the wafer W 
to the exposure apparatus 1 0 via the wafer delivery por- 
tion 124A of the in-line delivery portion. However, in the 
case the coating/development controller 62 has to wait 
a long time, then the coating/development controller 62 
can suspend the carnage operation of delivering the wa- 
fer W to the exposure apparatus 1 0 or if necessary, tem- 
porarily house the wafer W into the buffer carrier 120, 
and perform only the receiving operation of the wafer W 
from the wafer delivery portion 124B of the In-line deliv- 
ery portion 114. With this arrangement, the loss of time 



can be reduced. 

[0110] In addition, with the coating/development con- 
troller 62, for example, based on the information referred 
to In Item b., it can decide its operation related to efficient 
5 wafer carriage depending on the waiting time, so that 
the time wasted Is reduced to the minimum. 
[0111] Also, with the coating/development controller 
62, for example, based on the Information referred to in 
Item c, when the coating/development controller 62 In- 
to structs the receipt of the wafer W, If the wafer that has 
been exposed is going to be delivered from the expo- 
sure apparatus 10 within several seconds, then the 
coating/development controller 62can decide to receive 
the wafer after waiting for a several seconds. With this 
15 arrangement, the delivery does not end In vain, thus the 
efficiency is improved. 

[0112] And, the coating/development controller 62, 
for exam pie, can decide its operation related to the most 
effective wafer carriage possible, based on the informa- 

20 tion referred to in Item d. depending on the watting time. 
[0113] In addition, with the lithographic system 100 In 
the embodiment, information to decide the next opera- 
tion that contributes to Improving the processing capac- 
ity related to the carriage of the wafer W is sent out to 

25 the loader controller 34 of the exposure apparatus 10 
via the communication channel from the coating/devel- 
opment controller 62 prior to the next operation. When 
the loader controller 34 receives the information, it can 
decide to perform the specific operation that contributes 

30 to improving the processing capacity related to the car- 
riage of the wafer W as its next operation, before actually 
starting the specific operation. 

[0114] Thatis,theloadercontroller34oftheexposure 
apparatus 1 0 can decide its next operation related to the 

35 carriage of the wafer W based on the Information e. to 
h. referred to above, likewise with the coating/develop- 
ment controller 62 that has received the information a. 
to d. With this operation, the wafer carriage state of the 
C/D side does not have to be monitored and the clrcu- 

40 latlon operation of the wafer carriage switched at a con- 
stant interval, therefore, the loss of time can be reduced. 
[0115] As can be seen from the explanation so far, In 
the embodiment, the loader controller 34 structures the 
control unit of the exposure apparatus side, and the 

43 coating/development controller 62 structures the control 
unit of the C/D side serving as the substrate processing 
unit. The arrangement, however, Is not limited to this, 
and as the control unit of the exposure apparatus side, 
a first control unit that has the function of transmitting 

so the information referred to in earlier the items a. to d. to 
the C/D side and a second control unit that has the func- 
tion of receiving the information referred to In earlier the 
items e. to h. from the C/D side may be arranged. The 
same can be said for the control unit of the C/D side. 

55 [0116] As is described in detail so far, in the litho- 
graphic system 1 00 in the embodiment, information re- 
lated to the carriage of the wafer W is communicated 
between the exposure apparatus 10 and the C/D side, 
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and both units can reciprocally determine their next op- 
eration that contributes to Improving the processing ca- 
pacity related to the carriage of the wafer prior to the 
operation based on the Information provided from the 
other unit. In other words, both the C/D and the exposure 
apparatus 10 sides do not complete their operation at 
an optimum only within their own units, but reciprocally 
take Into consideration the Information related to the wa- 
fer carriage of the other unit so that the circular operation 
Is in line with each other. This prevents the loss of time 
and failure in delivery from occurring, and allows the 
throughput to be Improved, even though the exposure 
apparatus 10 and the C/D50 are in-line connected. 
Thus, throughput in the series of wafer processing per- 
formed by the C/D50 and the exposure apparatus 10 
can be improved, and as a consequence, it becomes 
possible to improve the productivity of the device such 
as a semiconductor device. 

[01171 In the case, however, when the information to 
withhold carriage, such as the items b., d., f., and h. de- 
scribed earlier, is sent at the same time by both the con- 
trollers 34 and 62, the situation may occur when the car- 
riage conditions are not satisfied on both sides. In such 
a case, preference may be given to either of the unit in 
advance, and the unit to which the preference is given 
may send Information to the other unit to dismiss the 
request from the other unit. The other control unit then 
may acknowledge that Its request has been dismissed, 
and based on the Information, withdraw the withholding 
request and go on to the next process. 
[0116] In addition, in the embodiment, when the C/ 
D50 has a plurality of processing portions of each proc- 
ess such as the resist coating process and the develop- 
ment process within Its unit and can switch the order of 
the circulation carriage In an optimum so that the car- 
riage Is performed sequentially In the order of the wafer 
that has been processed when necessary, it is possible 
to fully demonstrate the function. 
[0119] In the embodiment above, the case has been 
described when the coating/development controller 62 
of the C/D side and the loader controller 34 of the expo- 
sure apparatus 10 reciprocally send information to de- 
cide the next operation that contributes to improving the 
processing capacity related to the carriage of the wafer 
W, however, the present Invention Is not limited to this. 
That Is, either of the coating/development controller 62 
of the C/D side or the loader controller 34 of the expo- 
sure apparatus 1 0 may send Information to decide the 
next operation that contributes to improving the 
processing capacity related to the carriage of the wafer 
W to the other unit. Even In such a case, the control unit 
which receives the information can determine and pro- 
ceed with the carriage operation of the wafer W so that 
the loss of time and failure in delivery does not occur to 
the utmost within its unit as is described earlier. Thus, it 
is possible to improve the throughput in the series of 
wafer processing performed by the C/D50 and the ex- 
posure apparatus 10 can be improved. 



[0120] In the embodiment above, the exposure appa- 
ratus 10 (the loader controller 34) and the C/D50 (the 
coating/development controller 62) communicates the 
Information through a communication channel. As this 

5 communication channel, In addition to wired channels 
such as the parallel channel orthe serial channel, radio, 
infrared, or other channels may be used. Also, for ex- 
ample, In the case of performing parallel communica- 
tion, an empty line in an existing signal cable may be 

10 used. In the case of performing serial communication, 
the information above can be added to the signals (or 
information) that have been communicated. 
[0121] In the embodiment above, the case has been 
described when the C/D50 serving as the substrate 

is processing unit and the exposure apparatus 1 0 are in- 
line connected via the In-line l/F portion 110. The 
present invention, however, is not limited to this, and the 
substrate processing unit and the exposure apparatus 
may be directly connected. In addition, the arrangement 

20 of the substrate processing unit and the exposure ap- 
paratus in the embodiment above, are mere examples. 
That is, in the embodiment above, the case has been 
described when as the wafer loader system 40 In the 
exposure apparatus 1 0, the carriage system of the load 

25 side and the unload side use the system partially in com- 
mon. However, the carriage system of the load side and 
unload side may be structured of a completely inde- 
pendent system. In this case, it becomes possible to 
perform loading and unloading of the wafers at the same 

30 time in parallel within the exposure apparatus. In this 
case as well, in the present invention, since the sched- 
uled time of the loading and unloading of the substrate 
by the substrate processing unit side is expected, If it 
takes time for loading, then the exposure process and 

35 unloading can have priority over the loading, whereas, 
If It takes time for unloading, the loading may be per- 
formed at an extent so that the substrates are not left 
unfinished in the exposure apparatus, which conse- 
quently leads to an efficient operation. 

40 [0122] In addition, in the embodiment above, the case 
has been described when three scalar robots 58, 68, 
and 116 are arranged in the C/D side, however, the 
present invention is not limited to this, and a single robot 
may circulate the wafers while moving along a prede- 

45 termlned route. Furthermore, two sets of scalar robots 
68 may be arranged so that they can be used separately 
In the pre-exposure process and post-exposure proc- 
ess. Also, the scalar robots 58, 68, and 116 that make 
up the wafer carriage system perform these circulation 

so operations under the procedures set in advance. The 
scalar robots, however, may each perform the circula- 
tion operation on their own, so as to perform a series of 
circulation operations as a whole. In addition, a quite 
common unit structure was indicated as an example for 

55 the internal arrangement of the C/D50, however, the 
processing in the C/D does not have to be performed in 
the order described earlier In the embodiment, and may 
include a process which was not mentioned In this de- 
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scription. 

[0123] Also, each processing portion such as the re- 
sist coating portion, the development portion, the cool- 
ing portion, and the bake portion may be arranged In 
plurals If necessary, and the carriage system of the sub- 
strate may perform necessary carriage operations ac- 
cording to the arrangement. In addition, the substrate 
processing unit Is not limited to the C/D, therefore, If the 
unit is In-line connectable to the exposure apparatus, 
then not only the resist coating unit (coater), the devel- 
opment unit (developer), but also other testing units may 
be used. 

[01 24J In addition, in the embodiment above, the case 
has been described when the OC Is used as the wafer 
carrier. The present invention, however, is not limited to 
this, and the open/close type wafer carrier such as the 
Front Opening Unified Pod (FOUP) may be used. 
[0125] Also, in the embodiment above, the coating/ 
development controller 62 and the loader controller 34 
transmit and receive realtime Information on wafer de- 
livery via the communication channel, as well as infor- 
mation referred to in Items a. to h. The present Invention, 
however, Is not limited to this. That Is, as Is shown In 
Fig. 5, In the case the coating/development controller 
62 and the loader controller 34 are connected to the ex- 
posure apparatus 10 and the host computer 90, which 
has control over the C/D50, via the communication 
channel, the information transmitted and received In be- 
tween the coating/development controller 62 and the 
loader controller 34 may only be on realtime Information 
on wafer delivery, and information referred to in items a. 
to h may be communicated through the host computer 
90. 

[0126] In the case of the system arrangement shown 
in Fig. 5, preference Is not given to either of the control 
units 62 and 34 as is referred to earlier. And, when the 
withholding request information is sent from both control 
units 62 and 34 at the same time and clashes, the host 
computer 90 may totally Judge from the viewpoint of Im- 
proving the processing capacity to send information to 
the predetermined unit that its request has been dis- 
missed, while instructing the other unit to withdraw the 
withholding request. 

[0127] When an intermediate control unit is provided 
In between the host computer 90, and the exposure ap- 
paratus 1 0 and the C/D50, the Information referred to in 
items a. to h. may be communicated through not only 
the host computer, but also the intermediate control unit. 
And when the withholding request information is sent 
from both control units 62 and 34 at the same time and 
clashes, the intermediate control unit may totally Judge 
from the viewpoint of improving the processing capacity 
to send information to the predetermined unit that Its re- 
quest has been dismissed, while Instructing the other 
unit to withdraw the withholding request. 
[0128] The embodiment above describes the case of 
an exposure apparatus having a single wafer stage, 
however, the present invention is not limited to this, and 



can be suitably applied to an exposure apparatus that 
has a twin stage (a double stage) where the wafer load- 
ing position is set at two places. In addition, the expected 
time, or the predicted time described earlier, may be ob- 
5 tained for each predetermined slices of wafers, based 
on the illumination conditions or the reticle type and the 
like. 
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- Device Manufacturing Method 



[01 29] A device manufacturing method using the lith- 
ographic system related to the embodiment described 
above in a lithographic process will be described next. 
[0130] Fig. 6 Is a flow chart showing an example of 
15 manufacturing a device (a semiconductor chip such as 
an IC or LSI, a liquid crystal panel, a CCD, a thin mag- 
netic head, a mlcromachlne, or the like). As shown In 
Fig. 6, In step 301 (design step), function/performance 
is designed for a device (e.g., circuit design tor a Semi- 
te conductor device) and a pattern to Implement the func- 
tion is designed. And, in step 302 (mask manufacturing 
step), a mask on which the designed circuit pattern is 
formed is manufactured. Meanwhile, In step 303 (wafer 
manufacturing step), a wafer is manufactured by using 
25 a silicon material or the like. 

[0131] Next, In step 304 (wafer processing step), an 
actual circuit and the like is formed on the wafer by li- 
thography orthe like using the mask and wafer prepared 
in steps 301 to 303, as will be described later. And, In 
30 step 305 (device assembly step), a device is assembled 
using the wafer processed in step 304. Step 305 in- 
cludes processes such as dicing, bonding, and packag- 
ing (chip encapsulation). 

[0132] Finally, in step 306 (inspection step), a test on 
35 the operation of the device, durability test, and the like 
are performed on the device manufactured In step 305. 
After these steps, the device is completed and shipped 
out. 

[0133] Fig. 7 Is a flow chart showing a detailed exam- 

40 pie of step 304 described above in manufacturing the 
semiconductor device. Referring to Fig. 7, In step 311 
(oxidation step), the surface of the wafer is oxidized. In 
step 312 (CVD step), an insulating film is formed on the 
wafer surface. In step 313 (electrode formation step), 

45 an electrode Is formed on the wafer by vapor deposition. 
In step 314 (ion implantation step), Ions are Implanted 
into the wafer. Steps 31 1 to 314 described above con* 
stltute a pre-process for the respective steps in the wafer 
processing and are selectively executed in accordance 

50 with the processing required in the respective steps. 
[0134] When the above pre-process is completed in 
the respective steps in the wafer process, a post-proc- 
ess is executed as follows. In this post-process, first, in 
step 315 (resist formation step), the wafer Is coated with 

55 a photosensitive agent. Next, as in step 316 (exposure 
step), the circuit pattern on the mask is transcribed onto 
the wafer by the above exposure apparatus and meth- 
od. Then, in step 317 (developing step), the exposed 
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wafer is developed. The steps 315 to 31 7, is performed 
by the lithographic system 1 00 described in the embod- 
iment above. 

[01351 In step 31 8 (etching step), an exposed mem- 
ber on a portion other than a portion where the resist is 
left is removed by etching. Finally, in step 319 (resist 
removing step), the u nnecessary resist after the etching 
Is removed. 

[01361 By repeatedly performing these pre-process 
and post-process steps, multiple circuit patterns are 
formed on the wafer. 

[01371 As described above, according to the device 
manufacturing method of the embodiment, the litho- 
graphic system 100 described In the embodiment above 
is used in the steps 315 to 317 (lithographic step). And 
in between the exposure apparatus and the C/D50, in- 
formation related to wafer carriage is communicated, 
and both units reciprocally, or either of the unit decides 
its next operation that contributes to improving the 
processing capacity related to the wafer carriage before 
actually starting the operation based on the information 
from the other unit. Thus, the throughput of the series 
of wafer processing performed by the C/D50 and the ex- 
posure apparatus 1 0 can be Improved, and as a conse- 
quence, it becomes possible to improve the productivity 
of the device. Especially in the case when a vacuum ul- 
traviolet light source such as, for example, the F 2 laser 
light source is used as the light source in the exposure 
apparatus, with the effect of the Improvement in resolu- 
tion of the projection optical system PL, for example, the 
productivity can be increased even if the minimum line 
width is around 0.1 um 

[01381 While the above-described embodiments of 
the present invention are the presently preferred em- 
bodiments thereof, those skilled In the art of lithography 
systems will readily recognize that numerous additions, 
modifications, and substitutions may be made to the 
above-described embodiments without departing from 
the spirit and scope thereof. It is Intended that all such 
modifications, additions, and substitutions fall within the 
scope of the present Invention, which is best defined by 
the claims appended below. 



Claims 

1. An exposure apparatus which is in-line connected 
with a substrate processing unit, said exposure ap- 
paratus comprising: 

a substrate carriage system which carries a 
substrate and delivers a substrate to said sub- 
strate processing unit via a delivery portion; 
and 

a control unit providing for a control system to 
control said substrate carriage system, said 
control unit being arranged to perform at least 
one of transmitting and receiving specific infor- 



mation between said substrate processing unit 
In advance to decide an operation that contrib- 
utes to improvement in processing capacity re- 
lated to substrate carriage. 

5 

2. An apparatus according to Claim 1, wherein said 
control unit is arranged to transmit information to 
said substrate processing unit so that said substrate 
processing unit can determine Its subsequent oper- 
10 atlon that contributes to Improvement In processing 
capacity related to substrate carriage, said informa- 
tion transmitted prior to starting said following oper- 
ation as said specific information. 

15 3. An apparatus according to Claim 2, wherein said 
information includes one of a predicted time and an 
expected time until said substrate carriage system 
is capable of receiving a substrate. 

20 4. An apparatus according to Claim 2, wherein said 
information includes information so as to make said 
substrate processing unit side withhold carriage of 
a substrate to said delivery portion. 

25 5. An apparatus according to Claim 2, wherein said 
Information Includes one of a predicted time and an 
expected time until said substrate carriage system 
is capable of sending out a substrate. 

30 6. An apparatus according to Claim 2, wherein said 
information includes information so as to make said 
substrate processing unit side withhold operations 
to receive a substrate at said delivery portion. 

35 7. An apparatus according to any one of Claims 1 to 
6, wherein said control unit further receives infor- 
mation related to substrate carriage from said sub- 
strate processing unit as said specific information, 
and based on said Information, determines In ad- 

40 vance its following operation that contributes to Im- 
provement in processing capacity related to sub- 
strate carriage. 

8. An apparatus according to Claim 1 , wherein said 
45 control unit Is arranged to receive Information relat- 
ed to substrate carriage from said substrate 
processing unit as said specific information, and 
based on said information, serves to determine in 
advance its following operation that contributes to 

so improvement In processing capacity related to sub- 
strate carriage. 

9. An apparatus according to Claim 8, wherein said 
information includes one of a predicted time and an 

55 expected time until said substrate processing unit 
side is capable of sending out a substrate. 

10. An apparatus according to Claim 8, wherein said 
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information includes Information so as to make said 
substrate carriage system withhold operations to 
receive a substrate at said delivery portion. 

11. An apparatus according to Claim 8, wherein said 
information includes one of a predicted time and an 
expected time until said substrate processing unit 
side Is capable of receiving a substrate. 

12. An apparatus according to Claim 8, wherein said 
Information includes information so as to make said 
substrate carriage system withhold operations to 
send out a substrate to said delivery portion. 
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19. A unit according to any one of Claims 13 to 18, 
wherein said control unit further receives informa- 
tion related to substrate carriage from said expo- 
sure apparatus as said specific Information, and 
based on said information, determines in advance 
its subsequent operation that contributes to im- 
provement in processing capacity related to sub- 
strate carriage. 

20. A unit according to Claim 1 9, wherein said informa- 
tion includes one of a predicted time and an expect- 
ed time until said exposure apparatus side is capa- 
ble of sending out a substrate. 



13. A substrate processing unit in-line connected with 
an exposure apparatus, said substrate processing 
unit comprising: 

a substrate carriage system arranged to carry 
a substrate and deliver a substrate to said ex- 
posure apparatus via a delivery portion; and 
a control unit providing for a control system to 
control said substrate callage system, said 
control unit being arranged to perform at least 
one of transmitting and receiving specific infor- 
mation between said exposure apparatus in ad- 
vance to decide an operation that contributes 
to improvement in processing capacity related 
to substrate carriage. 

14. A unit according to Claim 13, wherein said control 
unit is arranged to transmit information to said ex- 
posure apparatus so that said exposure apparatus 
can decide Its subsequent operation that contrib- 
utes to improvement In processing capacity related 
to substrate carriage, said information transmitted 
prior to starting said following operation as said spe- 
cific information. 

15. A unit according to Claim 14, wherein said informa- 
tion includes one of a predicted time and an expect- 
ed time until said substrate carriage system is ca- 
pable of receiving said substrate. 

16. A unit according to Claim 14, wherein said Informa- 
tion Includes information so as to make said expo- 
sure apparatus side with hold carriage of a substrate 
to said delivery portion. 

17. A unit according to Claim 14, wherein said informa- 
tion Includes one of a predicted time and an expect- 
ed time until said substrate carriage system is ca- 
pable of sending out a substrate. 

18. A unit according to Claim 14, wherein said informa- 
tion includes information so as to make said expo- 
sure apparatus side withhold operations to receive 
a substrate at said delivery portion. 



is 21 . A unit according to Claim 19, wherein said Informa- 
tion includes information so as to make said sub- 
strate carriage system withhold operations to re- 
ceive a substrate at said delivery portion. 

20 22. A unit according to Claim 1 9, wherein said Informa- 
tion includes one of a predicted time and an expect- 
ed time until said exposure apparatus side is capa- 
ble of receiving a substrate. 

25 23. A unit according to Claim 19, wherein said informa- 
tion includes Information so as to make said sub- 
strate carriage system withhold operations to send 
out a substrate to said delivery portion. 

30 24. A lithographic system comprising: 

an exposure apparatus; and 
a substrate processing unit which is In-line con- 
nected to said exposure apparatus, said 

35 processing unit being arranged to transmit and 

receive Information related to the carriage of a 
substrate to said exposure apparatus, wherein 
at least one of said exposure apparatus and 
said substrate processing unit is arranged to 

40 determine its subsequent operation that con- 

tributes to Improvement In processing capacity 
related to substrate cam age based on said in- 
formation, prior to starting said following oper- 
ation. 

45 

25. A lithographic system according to Claim 24, 
wherein said information transmitted and received 
between said exposure apparatus and said sub- 
strate processing unit includes withholding informa- 

50 tionto make a unit other than itself withhold carriage 
operations of a substrate, and 

when said withholding information is concur- 
rently sent by both said exposure apparatus and 
said substrate processing unit, a unit to which pref- 

55 erence is given in advance is arranged to send in- 
formation to said unit other than itself to dismiss its 
withholding request, and said unit other than Itself 
withdraws said withholding request in accordance 
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with said dismissal request information. 

26. A system according to Claim 24 and further com- 
prising a separate unit which acts as an Intermedi- 
ary when said information is transmitted and re- 5 
ceived between said exposure apparatus and said 
substrate processing unit. 

27. A system according to Claim 24, and further com- 
prising: 10 

a superior unit which has total control over said 
exposure apparatus and said substrate 
processing unit, wherein 

said information transmitted and received be- 1$ 
tween said exposure apparatus and said sub- 
strate processing unit Includes withholding In- 
formation to make a unit other than itself with- 
hold carriage operations of a substrate, and 
when said withholding Information Is concur- 20 
rently sent by both said exposure apparatus 
and said substrate processing unit, said supe- 
rior unit may totally judge from the viewpoint of 
Improving the processing capacity to send in- 
formation to one of a predetermined unit to dis- 25 
miss Its withholding request to make said pre- 
determined unit withdraw said withholding re- 
quest. 

28. A device manufacturing method for manufacturing 30 
a device using a lithographic system which compris- 
es an exposure apparatus and a substrate process- 
ing unit in-line connected to said exposure appara- 
tus, said device manufacturing method comprising: 

35 

transmitting and receiving information related 
to carriage of a substrate between said expo- 
sure apparatus and said substrate processing 
unit; and 

at least one of said exposure apparatus and 
said substrate processing unit decides its sub- 
sequent operation that contributes to improve- 
ment in processing capacity related to sub- 
strate carriage based on said information, prior 
to starting said following operation. « 

29. A device manufacturing method including a litho- 
graphic process, wherein exposure apparatus ac- 
cording to any one of Claims 1 to 1 2 is used in the 
lithographic process. 50 
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